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中文摘要 
I 
 
中文摘要 
锂离子电池凭借工作电压高、能量密度大、循环寿命长、无记忆效应等诸多
优势在产业界备受青睐。同时，钠作为与锂相邻的碱金属，具有与锂相近的物理
化学性质，且储量丰富、廉价易得等优势，钠离子电池的研究也备受关注。 
电极材料性能决定电池的整体性能。在负极材料中，钛基材料因结构稳定、
性能安全、体积膨胀小等优点备受瞩目，但其容量较低、合成成本较高的缺点也
不同忽视。本论文用简单快速的溶液燃烧法，引入廉价易得的 Fe 源，制备出由
纳米粒子粘结成具有三维多孔网状结构的 Fe2TiO5 和 NaFeTi3O8 材料，Fe2TiO5
应用于锂离子电池体系，而 NaFeTi3O8 用于钠离子电池体系，结果如下： 
（1）Fe2TiO5 应用于锂离子电池体系，耦合 TiO2 的结构稳定性和 Fe2O3 的高
容量的优势，电化学性能表征表明，经过 100 圈循环后，Fe2TiO5 材料保持 371.4 
mA h g-1 的放电容量，且进行大电流（3.2 A g-1）放电时，仍具有 76.6 mA h g-1
的容量。综合 Raman、XPS 和 EIS 测试结果，合理推测出 Fe2TiO5 可能的电化学
反应行为，判断首圈不可逆容量可能是由于 Fe2TiO5 发生的晶体转化引起，优异
的循环稳定性可能是 Fe2O3 和 TiO2 的结构协同作用的结果。 
（2）在钠离子电池负极材料中，溶液燃烧法应用于 Na-Ti-O 体系材料
NaFeTi3O8 的合成，在合成过程中，助燃剂甘氨酸起造孔作用，形成网状多孔的
NaFeTi3O8。其表现出优异的循环性能和倍率性能，在 1.6 A g-1 的大电流下具有
84.4 mA h g-1 的容量，并且在 500 mA g-1 的电流密度下经过 1000 圈长循环后仍具
有 91 mA h g-1 的容量。用非原位 XRD 和 EIS 的方法，表明材料嵌脱过程中具
有结构稳定性和可逆性，理论计算和扫描电镜观测证实了 NaFeTi3O8 在嵌钠过程
体积膨胀较小。较高的放电容量、优异的循环稳定性和倍率性能，以及较小的体
积膨胀，使得 NaFeTi3O8 在高倍率和长循环的钠离子电池实际应用成为可能。 
溶液燃烧法在材料合成中具有液相混合均匀、简单易操作、反应迅速等优点，
在电池负极材料应用中，凭借独特的多孔形貌和高比表面积，利于电解液浸润，
且纳米级的粒子能有效缩短离子的扩散路径，提高电极的电化学性能。 
 
关键词：锂/钠离子电池；负极材料；钛基材料    
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III 
 
Abstract 
Lithium ion batteries (LIBs) have been favored by the industries for their 
advantages, such as high energy densities, long cycle lives and no memory effect. 
Meanwhile, since sodium as an alkali metal adjacent to lithium has similar physical 
and chemical properties with lithium, which is abundant, cheap and easy to get, 
sodium ion batteries (SIBs) research has attracted much concern. 
The properties of the electrode materials determine the overall performances of 
the batteries. As anode materials, Titanium-based materials have attracted the 
attention of researchers due to their structural stability, performance safety, small 
volume expansion and other advantages. However, the shortcomings of low capacities 
and high costs can not be ignored. In this paper, Fe2TiO5 and NaFeTi3O8 materials 
with three-dimensional porous network structure framed by nano-sized primary 
particles were synthesizied by a simple and rapid solution combustion method for the 
application of LIBs and SIBs, respectively:  
(1) As the anode material of LIBs, Fe2TiO5 combined the structural stability of 
TiO2 and the high capacity of Fe2O3. The electrochemical performance of 
Fe2TiO5show that the discharge capacity can be maintained as 371.4 mA h g
-1 after 
100 cycles. Even at a large current densiny (3.2 A g-1), it still hold a high capacity of 
76.6 mA h g-1. Based on the Raman, XPS and EIS test results, the possible 
electrochemical reactions of Fe2TiO5 are discussed in detail. The results show that the 
crystal transformation of Fe2TiO5 might be ascribed for the irreversible capacity. Due 
to the coupling effect of Fe2O3 and TiO2, Fe2TiO5 behaved the excellent cycling 
stability.  
(2) The solution combustion method is applied to the synthesis of Na-Ti-O series 
material for the first time. NaFeTi3O8 with three-dimensional porous net-like sheet 
morphology was prepared by the solution combustion method. Encouragingly, when 
being assessed as an anode electrode for SIBs, the NaFeTi3O8 net-like sheet composite 
exhibits superior electrochemical properties. We also studied the effect of the 
combustion agent glycine. The results indicate that the NaFeTi3O8 composite tended 
to be porous with glycine as the combustion agent, while the NaFeTi3O8 composite 
without glycine as the combustion agent showed a massive appearance. Characted by 
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